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INTRODUCTION
In the past decades, many studies on visual search behaviour in ball 
and racquet sports have significantly extended our knowledge on 
the information pick-up and processing that precede a fast and cor-
rect decision during the game [1,2,3,4,5,6,7]. Although differences 
between sports exist due to the specific nature of each game, 
the general conclusion is that expertise is related to earlier pick-up 
of relevant information. As a result, expert players are able to ade-
quately anticipate an opponent’s action. This general rule has been 
corroborated in a wide variety of sports including soccer, tennis, 
badminton and others [8,9,4,10,11].
In spite of the body of knowledge available in these sports, only 
a few experiments have focused on expert-novice differences in 
the visual search patterns of volleyball players. Volleyball is a team 
sport like soccer and basketball, but unlike soccer and basketball, 
players are not allowed to physically interfere with the preparation 
of an attack by the opponent team. The response to the opponent’s 
attack consists of either blocking the spike at the net, or defending 
further away from the net. Both tasks are highly time-constrained 
and are believed to rely to a great extent on anticipation [12]. 
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These particular characteristics render the mere generalization of 
visual search behaviour in other team sports to volleyball problem-
atic. Research on the use of visual information in volleyball has often 
been restricted to isolated actions during which one or a limited 
number of players are involved. At the level of the individual player, 
preparatory movements of the opponent contain visual cues that can 
help predict the direction and speed of the ball after the serve or the 
spike [13]. These cues seem similar to the visual cues in prepara-
tory movements in racket games. In general, most actions in racket 
games have a proximal-to-distal development, and visual cues are 
usually found in this order, so gaze is directed in a proximal-to-distal 
sequence [14,5]. In a volleyball situation, occlusion experiments 
showed that experienced players are able to predict pass and serve 
direction better than novice players [15,16]. This indicates that 
experienced volleyball players ‘read’ the opponents’ play better than 
novice players. Herandez et al. [17] suggested that the horizontal 
vertex-ball distance can predict setting direction, implying that this 
information is available before the ball is launched. In an eye-track-
ing experiment, experienced volleyball players indeed directed their 
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gaze more to the setter than novice players, who tended to watch 
the whole trajectory of the ball [18]. Experienced players only track 
the initial part of the ball trajectory. Then their eyes ‘shoot ahead’ to 
the final portion of the trajectory. This gaze strategy has been described 
previously for tennis, table tennis and cricket, where experienced 
players made an anticipatory saccade to the bounce point of the 
ball 19,20,21,3].
While the preparatory actions in tennis or badminton consist of 
only one person who executes the counter attack (even in a double 
game), in volleyball three contacts can be made and all of the six 
players can be involved in the attack. This means that instead of one 
action, multiple actions have to be analysed to detect advanced cues. 
When the ball is in the opponents’ court, a volleyball player needs 
to analyse the quality of reception, the setting possibilities, the pass 
quality and the attackers’ movements. Since the number of opponents 
has an effect on the visual search behaviour in soccer [22], and 
given that the within-team tactics might also provide information on 
the nature of the opponents’ attack, it is not surprising that Afonso 
et al. [23,24] recently reported slightly different gaze behaviour when 
participants played in a six-versus-six situation. In this in situ ex-
periment, highly skilled female volleyball players employed more 
fixations to a greater number of locations and spent more time fixat-
ing functional spaces (i.e. areas that are intermediate to a number 
of cues of interest) before and during ball contact than less skilled 
participants. This suggests that highly skilled volleyball players re-
trieved a greater amount of information by using their peripheral 
vision more efficiently.
However, these experiments summarize the gaze behaviour of 
an entire game sequence in one measure. Since picking up the right 
information at the right time is essential for time-constrained sports 
such as volleyball, it seems valuable to focus on the gaze behaviour 
over the course of a game sequence. Therefore, this study focuses on 
the course of visual search behaviour of volleyball players of different 
levels who watched a full attack sequence in a blocking task. Apart 
from experienced players being faster and more accurate in their 
reaction, we also expected to find certain gaze patterns at specific 
moments. The expected gaze pattern is described in Table 1. 
MATERIALS AND METHODS 
Participants. In total, 37 adult women participated in the study and 
were assigned to an elite, an intermediate or a novice group based 
on their volleyball experience and expertise. The elite group con-
sisted of ten professional female volleyball players, who played for 
the same volleyball team at the highest division in Belgian female 
competition. The team trains 20 hours a week and was also compet-
ing in the European Challenge Cup at the time of the study. The 
intermediate group consisted of ten female volleyball players from 
the third, fourth or fifth division of Belgium competition (with eight 
divisions in total) and trained less than ten hours a week. The novice 
group consisted of 17 female bachelor students of physical education 
from Ghent University. They had no experience in volleyball at 
a competitive level but were familiar with the basics of the game. 
A significant difference was found for weight and height but not 
for age between the three groups (resp.: F2,36=14.097; p<0.01; 
Time course Gaze location Elite Gaze location Novice Reference
Ball on screen Ball - Receiver
(A) Early Ball detection Late ball detection Allard & Starkes [40]
(B) Eyes ‘shoot ahead’ to final part of ball flight Sibley & Etnier [41]
Piras et al. [18]
Reception Receiver - Ball
(C) Earlier tracking onset Late tracking onset Vickers & Adolphe [13]
(D) ‘Shoot ahead’ to setter ‘ball watching’ Piras et al. [18]
Ball Highest Point Ball - Setter
(E) Setter, in proximal-to-distal sequence Shoot ahead to setter Wright et al. [16]
Piras  et al. [18]
Set Setter - Attacker
(F) Inter-event fixation Setter Vickers 2007 [35]
(G) Attackers
End eye tracking:
Note: The elite group was also expected to use more ‘inter-event fixations’ throughout the volleyball sequence [23].
TABLE 1. EXPECTED GAZE LOCATION AT KEY MOMENTS FOR ELITE AND NOVICE PARTICIPANTS
Elite Intermediate Novice
Age (years) 20.0 ± 1.2 20.9 ± 1.8 20.1 ± 1.6
Body height (cm) 181.5 ± 4.8 a 175.9 ± 3.4 a 169.4 ± 5.3 a
Body mass (kg) 73.1 ± 5.1 a 69.7 ± 3.9 b 62.8 ± 5.7 a,b
TABLE 2. AGE, BODY HEIGHT AND BODY MASS OF THE 
PARTICIPANTS
Note: Means in the same row with the same superscript are significantly 
different (p < 0.01).
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Cue usage in volleyball
F2,36=21.207; p<0.01; F2,36=1.106; p=0.342). The elite and 
intermediate groups were heavier and taller than the novice group. 
The elite group was taller, but not heavier than the intermediate 
group (Table 2).
Film fragments
Attack sequences were recorded with experienced players (interme-
diate level) according to a fixed scenario. A high-speed camera (Ca-
sio 100) was placed on the back line of a volleyball court, recording 
the actions of six female volleyball players. Each fragment consisted 
of a serve, delivered by a pitching machine (JUGS; placed at a height 
of 1.42 m) to obtain maximal inter-trial consistency of the serves, 
a reception from one of the three receivers (RA2, R6 and R5 in 
Figure 1), and a front, middle or back pass from the setter (A4, A3, 
or RA2 in Figure 1). This ‘complex 1’ game sequence is a basic vol-
leyball play which is used throughout all experience levels. Each of 
the nine situations (3 serve x 3 pass directions) was successively 
executed until at least 3 good fragments had been filmed. A fragment 
was rated ‘good’ if the reception was delivered in a 1 m by 1 m 
square (see Figure 1) and if the pass was given so that the attackers 
could spike successfully. The 20 final clips included five passes 
forward (to A4), five passes in the middle (to A3) and ten backward 
passes (to RA2). The 20 fragments were edited in such a way that 
each fragment started when the ball appeared in the camera field of 
view and ended the frame before ball-hand contact during the spike. 
A 3-2-1 countdown was added prior to the start of each fragment.
Apparatus
Film fragments were played from an iMac and projected on a 4.35 m 
wide, 2.47 m high screen. Participants stood on pressure sensors at 
a distance of 4.55 m in front of the screen. Sensors were connected 
to a computer using SIMI software to calculate reaction times. 
A scene camera filmed the screen and participants and was synchro-
nized with the SIMI recordings. 
For the registration of the eye movements, the Applied Science 
Laboratories Eye Tracking System, model 501 Head Mounted Optics 
(ASL, Bedford, MA) was used. This system recorded the left eye 
movements at a frequency of 60 Hz with an infrared-sensitive cam-
era using pupil position and corneal reflection. Using the computer 
program Eyenal, the eye movements were linked to the video frag-
ments. This resulted in video fragments with a crosshair superim-
posed, representing the point of gaze. 
Procedure
After giving written informed consent, each participant was tested 
individually. The test leader used a standardized PowerPoint presen-
tation to explain the test purpose and procedure. At the end of the 
explanation five video fragments were shown as familiarization trials. 
Each participant was then shown the 20 video clips of volleyball 
situations, which were randomized but in the same order for all 
participants, and was asked to react as quickly and accurately as 
FIG. 1. BIRD’S-EYE VIEW OF THE FILMING SETUP AND NINE POSSIBLE 
VOLLEYBALL ATTACK SEQUENCES (THREE RECEIVERS X THREE 
ATTACKERS)
FIG. 2. EXAMPLE OF DATA PROCESS FOR ONE PARTICIPANT
Note: Gaze was analysed per time frame for each of the 20 video clips per participant (upper part). Percentage of gaze towards each AOI was calculated for 
each time frame per participant (lower part), BHP indicates the moment the Ball reaches its Highest Point between receiver and setter.
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possible to the pass direction by moving in the same direction of the 
pass (imitating the movement of a counter). The participants were 
asked to look at the countdown which preceded each fragment so 
that the gaze direction was towards the centre of the screen at the 
beginning of each trial. The experimental procedure was approved 
by the Ghent University Hospital Ethical Committee.
Dependent measures
Response accuracy was expressed as the number of trials in which 
the subject made her displacement in the right direction, i.e. the 
direction of the pass towards the player who will perform the attack. 
This was evaluated on-line by the experimenter. Reaction time (RT) 
was defined as time from setter-ball contact until the release of the 
pressure sensor by the participants.
The eye tracking system recorded the eye movements of 
the participants and provided a video of the volleyball sequence with 
a crosshair representing the gaze location, superimposed on the 
volleyball film clip. Five areas of interest (AOIs) were determined: 
Ball, Receiver, Setter, Attacker and an Inter-event fixation (gaze on 
a point in space which does not contain a ‘target’ but is in the 
middle of several relevant sources of visual information [18]. Indis-
tinct data were coded as NoData.
Pilot work showed that gaze was usually switched at three spe-
cific moments: the moment of ball-receiver contact (R); the moment 
the ball reaches its highest point between receiver and setter (BHP); 
and the moment of ball-setter contact (P). To normalize the twenty 
film frames to these key moments, the clips were split into 36 time 
frames (T1–T36) in a way that four blocks could be distinguished: 
start-R, R-BHP, BHP-P and P-end. Using the gaze location videos, 
gaze location was assigned manually to one of the AOIs for each time 
frame. For each AOI [6] a percentage of gaze was calculated per time 
frame [36] for each participant (example of data process in Figure 2). 
Data analysis
Data normality and equality of variance were tested for all variables 
using the Shapiro-Wilk test and Levene’s test, respectively. Since 
these tests gave significant results for the RT, accuracy and most of 
the gaze percentages, non-parametric tests were used instead of 
parametric tests. To test group differences in RT, accuracy and gaze 
behaviour, the Kruskal-Wallis test was used as the non-parametric 
equivalent of the ANOVA test. Since this test only reports general 
inter-group differences, further differences between the individual 
groups were analysed with the Mann-Whitney U test, which is the 
non-parametric equivalent of the independent samples t-test. The 
standard level of significance was set as p < 0.05. RT data of one 
novice participant were lost.
RESULTS 
Accuracy and reaction time. Group differences were found for ac-
curacy and for RT, although differences in RT did not reach significance 
(p = 0.006 and p = 0.068, respectively). The elite group had 
a significantly higher accuracy than the intermediate and novice 
group (Z2,34 = -2.836; p < 0.01 and Z2,34 = -2.742; p < 0.01, 
respectively). No difference in accuracy was found between the in-
termediate and novice group (Z2,34 = -1.302; p = 0.204). Both 
the elite and intermediate group had a shorter reaction time than the 
novice group but differences of novices did not reach significance 
(Z2,33 = -1.953; p = 0.053 and Z2,33 = -1.877; p < 0.060, 
respectively). No difference in RT was found between elite and in-
termediate players (Z2,33 = -0.304; p = 0.796) (Table 3).
TABLE 3. REACTION TIME AND ACCURACY DATA
Elite  
(n=10)
Intermediate  
(n=10)
Novice  
(n=17)
Accuracy (%)
Mean +/- SD 97.50 ± 3.54 a,b 91.50 ± 4.74 a 82.06 ± 18.03 b
Range 90 - 100 80 - 95 40 - 100
RT (ms)
Mean +/- SD 243 ± 59 c 246 ± 31 d 362 ± 246 c,d
Range 167 - 355 200 - 309 -134 - 767
Note: superscripts a & b indicate a significant difference  (p < 0.05) 
between the values where the superscripts are added. superscripts b & c 
indicate 0.05 < p < 0.1
FIG. 3. TIME COURSE OF GAZE LOCATION FROM TIME FRAME T1 (BALL 
ON SCREEN) TO T36 (ATTACKER-BALL CONTACT)
Note: Standard deviation is shown at peak moments of each AOI. ANOVA 
results (group differences) are given in colour code: Green: p < 0.05; Orange: 
0.05 < p < 0.1; White: p > 0.1; Expected gaze location as given in Table 1 
is represented by thick boxes and the corresponding letter : (A)-(I)   
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Gaze location 
Figure 3 shows an overview of the significance of the Kruskal-Wallis 
tests per time frame and per AOI; further significance among groups 
is reported below. The three groups all showed a similar time course 
of gaze behaviour. Gaze switched from the receiver to the ball after 
reception and shifted to the setter before the ball reached its highest 
point. As the ball came closer to the setter, more inter-event fixations 
were used. Once the pass had been given, gaze was directed most-
ly to the attacker.
No earlier ball detection was found in experienced players than 
in intermediates and novices (A in Figure 3). Instead, all participants 
retained the central inter-event fixation for a brief moment and then 
switched gaze to the receiver (B on Figure 3). 
The elite group used fewer inter-event fixations than the novice 
group from T3 until T8 and fewer than the intermediate group from 
T4 until T7. Instead, the elite group looked more to the receiver than 
the novice group from T3 until T8, and than the intermediate group 
from T5 until T8. From T3 until T6 the elite group also had a high-
er percentage of looking towards the attackers than the novice and 
intermediate group. No differences in the use of inter-event fixations 
were found between the novice and the intermediate group for this 
period (B in Figure 3).
In the time frames 6 and 7, The novice and intermediate group 
spent slightly more time watching the setter than the elite group but 
no difference was found between the intermediate and the novice 
group.
Immediately preceding and during the reception (T6-11), nov-
ices and intermediates looked more to the ball than the elite group 
but no significant differences were found between intermediates and 
novices. 
After the reception (T11-17), ball tracking was not found to be 
earlier for the experienced players than for the intermediates or nov-
ices and no significant difference was found in ‘ball watching’ (C in 
Figure 3). Elite players looked significantly more to the attackers than 
the novices and the intermediate group. All three groups started 
switching gaze from ball to setter before BHP (D on Figure 3) and 
all groups looked mainly at the setter after BHP (T19-23; E on 
Figure 3). However, experienced players seem to use more inter-event 
fixations towards the moment of the pass (T21-25; F on Figure 3). 
Post hoc analysis revealed a significant difference between the elite 
group and the novice group for T23-T25, but differences from the 
intermediate group were not significant. 
After the pass (T28-36; G on Figure 3), elite players looked sig-
nificantly more to the attackers than the intermediates and novices, 
who used more inter-event fixations (T30-36). However, the percent-
age of indistinct gaze behaviour was also higher for novices and 
intermediates (T28-36).
DISCUSSION 
The general aim of this study was to analyse reaction time, accu-
racy and time course of gaze behaviour of elite, intermediate and 
novice adult female volleyball players when reacting as a middle 
blocker on a screen projected complex 1 situation. 
Reaction time and accuracy
It has been demonstrated that the effective use of advanced visual 
cues leads to better anticipation of the opponents’ actions [25,26]. 
Therefore, a shorter RT and higher accuracy were expected for the 
elite group compared to the intermediate and the novice group 
[9,27,28,29]. In the current study, elite players indeed had supe-
rior accuracy, but no difference was found in RT between elite and 
intermediate players. This could be a consequence of the task con-
straints of the volleyball block. A comparison can be made between 
a blocking task in volleyball and stopping a penalty in soccer [30]. 
If the athlete waits longer to make a decision, he can gather crucial 
information about the opponents’ action but will have less time to 
complete his own reaction. Expert volleyball players, however, are 
trained to execute their actions fast, which gives them the possibil-
ity to react later without dropping the quality of the counter. Such an 
explanation is supported by the large standard deviation and range 
in RT in the novice group, which shows that even negative RTs 
regularly occurred. This means that novice players often react when 
the information necessary for an adequate decision is not yet avail-
able, and thus rely on anticipation. They however lack episodic and 
task-related expertise to successfully anticipate [11,31], which is 
reflected in their lower accuracy scores. Reacting too early, with 
a negative impact on performance, is a phenomenon that is often 
observed in sports [32,30]. Analysis of the visual search patterns 
can shed further light on the decision making process that forms the 
basis of an accurate response at the right time.
Time course of gaze behaviour
Unlike what was expected, but in line with previous findings of 
Abernethy [8] for badminton players, few differences were found 
when gaze behaviour of elite, intermediate and novice players was 
compared. Although high standard deviations indicate that some 
participants regularly adapted their gaze pattern, a general visual 
strategy was used.
In contrast to the expected time course of gaze behaviour, gaze 
was not directed to the ball before participants looked at the re-
ceiver (A in Table 1 and Figure 3). Instead of tracking the ball, gaze 
was held briefly at a central location on the screen, after which at-
tention was immediately directed to the receiver. In racket sports 
such as tennis, table tennis and badminton, it has already been 
suggested that the final part of the ball flight does not contain much 
information [19,20,33,5]. Since the ball was already on its way 
down when it appeared on the screen, participants probably ex-
tracted sufficient information peripherally from their first central 
fixation to predict ball direction and directed their gaze immedi-
ately to the next ‘bounce point’, being the receiver. In contrast with 
the findings of Afonso et al. [23], during the first part of the sequence 
the elite group spent less time fixing the ‘functional space’ (inter-
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event fixations) than the intermediate and the novice group. How-
ever, this might have been due to a more efficient use of peripheral 
vision. Since the first inter-event fixation was merely an artefact of 
the central location of the countdown, a quicker switch of gaze 
towards the receiver could indicate that the elite group interpreted 
the scene faster than the intermediate and the novice group.
After the reception, participants briefly tracked the ball and then 
switched their focus of attention from the ball to the setter even 
before the ball reached its highest point (D in Figure 3). This ‘vi-
sual shoot ahead’ was previously described by Land for table tennis, 
where the timing of the predictive saccade was closely linked to the 
highest point of the ball’s trajectory [20]. In the experiment of Piras 
et al. [18] volleyball players also fixated the next bounce point, 
being the setter’s hands. However, these experiments included only 
one opponent. Based on the findings of Vaeyens et al. [10], 
we expected the extra opponents in current experiment to have 
an impact on the visual behaviour of the participants. Surprisingly, 
the results show few fixations on the attacking players. Apparently, 
participants did not pay much attention to the attacking players or 
they used peripheral vision to track opponents’ movements. Unfor-
tunately, based on only eye movement results, it is not possible to 
determine in what way visual information is gathered peripherally. 
Viviani referred to ‘the ability of relocating attention without moving 
the point of fixation’ as the central dogma of eye movement research 
(in: [11]). Basically, it emphasizes the distinction between looking 
and seeing.
Although it is possible that attackers were looked at peripher-
ally, the fact that gaze was directed mainly towards the setter indi-
cates that participants expect important visual cues in this area. 
Hernandez et al. [17] suggested that the distance from the setter’s 
shoulders to his hands can be a good predictor for set direction. 
So, important information of pass direction can indeed be found in 
the setter’s movements prior to the pass. 
In the current study, the hands were not a separate AOI as the 
setter was seen as one single area. But the results show that in most 
trials an inter-event fixation was made immediately after fixating the 
setter. This inter-event fixation was almost always directed to the 
future ball-setter contact point, just above the setter’s hands, and 
has been reported by Afonso et al. [23] to be more frequent in 
highly skilled volleyball players than in less skilled players. 
The visual shift from setter to the future ball position is similar to 
the proximal to distal shift of fixation location found in racket sports 
[5] and in goalkeepers when stopping a penalty [4]. This underpins 
the hypothesis that volleyball players use the same strategy in 
a blocking situation as goalkeepers use in penalty stopping. 
After the final pass, the elite group looked significantly more 
towards the attackers than the intermediate and novice group. 
In the current experiment the task was to react to the setter. Prob-
ably the intermediate and novice group neglected the final part of 
the video since they had already reacted to the setter. The elite 
players however are used to switch their gaze immediately to the 
attacker after the pass to analyse the spiker’s attack. So this differ-
ence could be caused by the procedural routine of the elite players. 
General discussion
Apparently, more experienced players do not react faster and more 
accurately because they have a different visual strategy. However, 
a similar gaze pattern does not necessarily mean that the same 
visual information has been processed. Possibly, experienced play-
ers are able to extract more information from perifoveal regions than 
novice players.
Although all groups mainly looked at the receiver before the re-
ception was taken, some of the intermediate and novice players 
already looked at the ball as well. In the elite group on the other 
hand, none of the participants fixated the ball before reception was 
taken. This shows that the elite group has a very consistent visual 
strategy to analyse the reception. A ‘visual pivot’ was used to anal-
yse this player’s movements and to track the ball towards this 
player peripherally at the same time. In the intermediate and novice 
group on the other hand, some participants seem to try to track the 
ball towards and away from the receiver. 
All groups use a similar visual pivot when the final pass is given. 
However, elite players seemed to watch the functional space between 
the ball and the setter’s hands to analyse pass direction, while in-
termediate and novice players looked more to the setter himself. 
This gaze behaviour has been described previously in various situ-
ations [3,22,34] and for elite volleyball players when looking to 
a jump serve [35 p122] and when analysing a setter in situ [23]. 
Since there was no clear distinction in gaze behaviour between 
the groups, differences in reaction time and accuracy must have 
been the result of a superior information processing and decision 
making system. The use of visual pivots at the moment of reception 
and pass also suggests that participants retrieved a great amount of 
information through the use of peripheral vision. According to the 
holistic model of image perception [36,37], experts can extract in-
formation from widely distanced and parafoveal regions. So it appears 
that the three groups used a similar gaze strategy, but that elite 
players are able to subtract more relevant information by using an 
extended visual span and are able to link this information better to 
task-specific and procedural knowledge of the volleyball game play. 
The similar gaze strategy in the three groups could have been 
supported by video-based stimuli. In a real blocking situation, vol-
leyball players stand immediately in front of the net, which makes 
it necessary to make large head movements to see the attacking 
players at both corners of the net. In the current experiment how-
ever, participants could see both sides of the net with minimal head 
movements. In a real set-up, elite players would probably also ben-
efit more from their better visuo-spatial attentional processing skills 
[38,39]. Therefore, differences in gaze behaviour between the groups 
would possibly have been larger in an in situ blocking task. Never-
theless, differences in gaze behaviour of the current experiment also 
reflect different information processing in the elite group than in the 
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intermediate and the novice group. Furthermore, the current results 
are in line with findings of the in situ experiment of Afonso et al. [23].
Practical implications
Current insights into the visual information processing of novice and 
elite volleyball players may help trainers to improve visual skills of 
young players. It should be noted however that the proposed visual 
search sequence is not per se the only correct way to ‘read’ the op-
ponents’ game. Many factors, including team tactics, opponents’ 
characteristics, etc. can be of interest for the anticipatory visual 
search. 
Furthermore, knowledge of the differences in visual behaviour of 
elite and sub-elite players may be used to develop talent identification 
test procedures. It is however still open to question whether a larger 
visual span is due to extensive training or an innate ability.
CONCLUSIONS 
This study showed that elite female volleyball players have 
a higher accuracy when responding to screen-projected attacks of 
the opponent team when compared to novice players. The inter-
mediate group reacted as quickly as the elite group but had a 
lower accuracy. Time course analysis of the gaze behaviour how-
ever showed a very similar gaze pattern for the three experience 
levels with the apparent use of visual pivots at moments of recep-
tion and final pass. This confirms the holistic model of image 
perception for volleyball and suggests that expert players extract 
more information from parafoveal regions. 
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